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DETAILED ACTION 

Claim Rejections - 35 USC § 112 

The following is a quotation of the second paragraph of 35 U.S.C. 112: 

The specification shall conclude with one or more claims particularly pointing 
out and distinctly claiming the subject matter which the applicant regards as 
his invention. 

Claims 15 and 40 are rejected under 35 U.S.C. 112, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject 
matter which applicant regards as the invention. 

With regard to claims 15 and 40, these claims conflict with apparatus claims 
1 or 27 respectively. Claims 1 and 27 require the first grating. Claims 15 and 40 
replace the first grating with a third grating. This does not limit the invention as 
claimed in claims 1 and 27. Claiming a substrate having at least a first grating in 
claims 1 and 27, then adding the third grating to the substrate in claims 15 and 40 
would overcome this conflict. 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 
that form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or 
a foreign country or in public use or on sale in this country, more than one 
year prior to the date of application for patent in the United States. 
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Claims 1-4, 711, 14-16, 22-30, 34-36, 39-41, 48, 50, 52, 53, and 59-61 are 
rejected under 35 U.S.C. 102(b) as being clearly anticipated by Baselmans et al 
(2002/0145717). 



Fig.1. Fig.3B. 




With regard to claim 1, Baselmans et al teach a wavefront measurement 
system comprising: 

a source of electromagnetic radiation(LA); 

an illumination system that directs the electromagnetic radiation uniformly 
at an object plane(IL); 

a first grating positioned in the object plane that conditions the 
electromagnetic radiation(7); 

a projection optical system that projects an image of the first grating onto a 
focal plane (PL); 

a second grating at the focal plane(li; paragraph [0101]); and 
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a detector behind the second grating that receives a fringe pattern produced 
by the second grating(l3). 

Note: in paragraph [0101] Baselmans et al specifically describe the pinhole 11 
as having the form of the structure shown in figure 3b which is a grating structure. 

As to claim 2, wherein the second grating is a two-dimensional grating(li; 
paragraph [0101]). 

As to claim 3, wherein the two-dimensional grating is a checkerboard 
gratingdi; paragraph [0101]). 

As to claim 4, wherein the two-dimensional grating is a cross-grating(7; 
paragraph [0081]; paragraph [0101]; Fig. 3b). 

As to claim 7, wherein the source is an Extreme Ultraviolet (EUV) radiation 
source(LA; paragraph [0066]). 

As to claim 8, wherein the source is a 13.5 nm radiation source(LA; 
paragraph [0048]). 

As to claim 9, wherein the first grating is mounted on a reticle stage(MT). 

As to claim 10, wherein the second grating is mounted on a wafer stage(WT). 

As to claim 11, wherein the first grating is oriented at 45 degrees relative to 
the second grating(7; paragraph [0101]; Fig. 3c). 

As to claim 14, wherein the first grating is a linear grating(7; paragraph 
[0101]; Fig. 3c). 
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As to claim 15, further including a third grating oriented orthogonally to the 
first grating and positionable in the object plane in place of the first grating(7J 
paragraph [0101]; Fig. 3c). 

As to claim 16, wherein the detector is a charge coupled device (CCD) 
detector(l3; paragraph [0087]). 

As to claim 22, wherein a pitch of the first grating is such that a second order 
diffraction pattern disappears at the focal plane(7," paragraph [0079]). 

As to claim 23, wherein the detector receives a 0th order diffraction image of 
a pupil of the projection optical system and +Mst order diffraction images of the 
pupil of the projection optical system(7; paragraph [0079]; paragraph [0085]). 

As to claim 24, wherein the first grating fills an input numerical aperture of 
the projection optical system(7; Fig. 2). 

As to claim 25, wherein the first grating smoothes illumination irregularities 
of an input pupil of the projection optical systemGL; paragraph [0071]). 

As to claim 26, wherein the first grating maximizes electromagnetic 
radiation incident onto the projection optical system that can form fringes in a 
fringe plane (IL; paragraph [0071]). 

With regard to claim 27, Baselmans et al teach a wavefront measurement 
system comprising: 

a source of electromagnetic radiation(LA); 
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an imaging system that focuses the electromagnetic radiation at an object 
plane(IL); 

a first grating positioned on a reticle stage that generates a diffraction 
pattern at a focal plane(7); 

a projection optical system that projects an image of the first grating onto the 
focal plane(PL); 

a second grating positioned on a wafer stage that receives a diffracted image 
of the first grating(li; paragraph [0101]); and 

a detector positioned on the wafer stage in the focal plane that receives the 
image of a pupil of the projection optical system through the second grating(l3). 

As to claim 28, wherein the second grating is a two-dimensional grating(li; 
paragraph [0101]). 

As to claim 29, wherein the two-dimensional grating is a checkerboard 
grating(li; paragraph [0101]). 

As to claim 30, wherein the two-dimensional grating is a cross-grating(7; 
paragraph [0081]; [0101]; Fig. 3b). 

As to claim 34, wherein the source is an Extreme Ultraviolet (EUV) radiation 
source (LA; paragraph [0066]). 

As to claim 35, wherein the source is a 13.5 nm radiation source(LA; 
paragraph [0048]). 
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As to claim 36, wherein the first grating is oriented at 45 degrees relative to 
the second grating(7; paragraph [0101]; Fig. 3c). 

As to claim 39. The system of claim 27, wherein the first grating is a linear 
grating(7; paragraph [0101]; Fig. 3c). 

As to claim 40, further including a third grating on the reticle stage, the third 
grating being oriented orthogonally to the first grating and positionable in an 
optical path in place of the first grating(7J paragraph [0101]; Fig. 3c). 

As to claim 41, wherein the detector is a CCD detector(l3; paragraph [0087]). 

As to claim 48, wherein a duty cycle of the first grating is such that a second 
order diffraction pattern of the source disappears at the focal plane(7; paragraph 
[0079]). 

As to claim 50, wherein a duty cycle of the second grating is such that a 
second order diffraction pattern from the second grating disappears at a fringe 
plane(75 paragraph [0079]; paragraph [0085]). 

As to claim 52, wherein the detector receives a 0th order diffraction image of 
an output pupil of the projection optical system and +Mst order diffraction images 
of the output pupil of the projection optical system(7; paragraph [0079]). 

As to claim 53, wherein the second grating forms a shearing interferometer 
(11; paragraph [0101]). 

As to claim 59, wherein a magnification of the projection optical system is 
approximately 4X(paragraph [0075]). 
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With regard to claim 60, Baselmans et al teach a system for EUV 
photolithography comprising: 

an EUV source emitting EUV radiation(LA); 

an imaging system that uniformly illuminates an object plane with the EUV 
radiation(IL); 

a reticle stage for mounting a reticle in an object plane(MT); 

a first grating positioned on a reticle stage that generates a diffraction 
pattern at a focal plane(7); 

a projection optical system that optically conjugates the focal plane and the 
object plane(PL); 

a wafer stage(WT); 

a second grating in the focal plane and positioned on the wafer staged 1! 
paragraph [0101]); and 

a detector positioned on the wafer stage that receives multiple images of a 
pupil of the projection optical system through the second grating(l3). 

With regard to claim 61, Baselmans et al teach a method of measuring a 
wavefront of an optical system comprising: 

generating electromagnetic radiation at a source(LA; paragraph [0070]); 

directing the electromagnetic radiation at an object plane of the optical 
system(IL; paragraph [0070]); 
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positioning a first grating in an optical path of the optical system that 
generates conditioning a diffraction pattern at a focal plane of the optical 
system(7,MT; paragraph [0077]; paragraph [0101]); 

conjugating the focal plane and the object plane(PL; paragraph [0069]); 

positioning a detector below the focal plane and a second grating at the focal 
plane(ll,13; paragraph [0101]; Fig. 3b); 

receiving multiple images of a pupil of the projection optical system through the 
second grating(paragraph [0101]); and 

calculating wavefront parameters from the image(paragraph [0101]). 

Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically 
disclosed or described as set forth in section 102 of this title, if the differences 
between the subject matter sought to be patented and the prior art are such 
that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. Patentability shall not be negatived by the manner 
in which the invention was made. 

Claims 5, 6, 13, 17-21, 31-33, 38, 42-47, 49, 51, and 54-58 are rejected under 
35 U.S.C. 103(a) as being unpatentable over Baselmans et al (2002/0145717). 

With regard to claims 5 and 31, Baselmans et al teach That while the system 
is disclosed as a transmission system a reflection system can also be used. It would 
have been obvious to one of ordinary skill in the art at the time the invention was 
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made that if the system is reflective then the gratings must also be reflective. This 
is due the use of an EUV light wherein mirrors and reflective masks are used 
instead of transmission optics. 

With regard to claims 6 and 32; Baselmans et al teach wherein the gratings 
can be transmission, phase, or reflectance. It would have been obvious to one of 
ordinary skill in the art at the time the invention was made to chose the grating 
dependent on the illuminating source, either transmission, phase, or reflectance. 

Baselmans et al fails to teach the details of the specific grating construction. 

Official notice is taken that silicon , silicon nitride, and quartz are well know 

grating substrates. Further, for gratings in EUV systems nickel is a well material. 

See In re Malcom . 1942 CD 589; 543 O.G. 440. 

If applicant does not traverse the examiner's assertion of official notice or 
applicant's traverse is not adequate, the next Office action will indicate that 
the common knowledge or well-known in the art statement is taken to be 
admitted prior art because applicant either failed to traverse the examiner's 
assertion of official notice or that the traverse was inadequate. 

With regard to claims 21, 33, 46, and 47; it would have been obvious to one of 
ordinary skill in the art at the time the invention was made form the gratings out of 
metal, specifically nickel, dependent on the source. For EUV sources, reflection 
optics, and reflection gratings made of metal are needed because of the effects of 
EUV on transmission optics. 

With regard to claims 17*20, and 42-455 it would have been obvious to one of 
ordinary skill in the art at the time the invention was made form the gratings on 
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any well known substrate, dependent on the source. For EUV sources, reflection 
optics, and gratings are needed because of the effects of EUV on transmission 
optics. 

With regard to claims 13 and 38, Baselmans et al teach that when the second 
grating has a checkerboard configuration(figure 3b) the first grating either one of 
two orthogonal configurations(figure 3c) thus aberrations can be measured in two 
directions. It would have been obvious to one of ordinary skill in the art at the time 
the invention was made to modify the Baselmans apparatus by using cross-gratings 
or a checkerboard grating instead of the figure 3c configuration so that two 
directional aberrations can be measured simultaneously. 

With regard to claims 49, 51, and 54*56; Baselmans et al fails to teach the 
specifics of the gratings used, including duty cycle, pitch, or shearing ratio. It would 
have been obvious to one of ordinary skill in the art at the time the invention was 
made to select the gratings parameters which provide the best detector signals to 
measure the projection optics aberrations, since it has been held that discovering an 
optimum value of a result effective variable involves only routine skill in the art. In 
re Boesch, 617 F.2d 272, 205 USPQ 215 (CCPA 1980). 

With regard to claims 57 and 58, baselmans et al fails to teach the N.A. of the 
projection optics PL. It would have been obvious to one of ordinary skill in the art 
at the time the invention was made to apply the teachings of Baselmans to any 
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projection optical system. The N.A. is based on the exposure system and would not 
effect the operation of the aberration testing. 

Claims 12 and 37 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Baselmans et al (2002/0145717) in view of Wegmann et al (2002/0001088). 

Baselmans et al fails to teach relating the first(7) and second(ll) gratings by 
pitch and magnification. Wegmann et al teach that when testing projection optics 
the first grating 7 is matched to the second grating llso that only certain diffraction 
orders contribute to the interference pattern, see paragraph [0095]. 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made match the first and second gratings in the Baselmans 
apparatus such that only certain diffraction orders contribute to the interference 
pattern. This is obvious when one considers that the first grating represents the 
reticle or mask in the lithographic system and the second grating represents the 
wafer on which a greatly reduced pattern of the reticle is to be printed. In the case 
of Baselmans, the magnification between the first and second gratings would be 
M=l/4 to 1/5 and the pitches must be matched such that only selected orders 
interfere. 

Relevant Prior Art 
The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Lee(4,707,137), Ichihara(6,312,373), and Goldberg et 
al(6, 573,997) are cited as other examples of lens testing. 
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Conclusion 



Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Samuel A. Turner whose phone number is 571- 



If attempts to reach the examiner by telephone are unsuccessful, the 
examinees supervisor, Gregory J. Toatley, Jr., can be reached on 571-272-2800 ext. 



The fax phone number for the organization where this application or 
proceeding is assigned is 703-872-9306. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR 
only. For more information about the PAIR system, see http://pair-direct.uspto.gov. 
Should you have questions on access to the Private PAIR system, contact the 
Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



272-2432. 
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